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Abstract : The effect ot Fd Niiio southern oscillation (ENSO) on the Total, Tioposphcnc and Stialosphoric o/onc concentration Irom 1980 to 
?0()  ^at Kanyakumari (8'*N, Rajkot (22.3®N, 70 8^E), Delhi (28.5‘^ N. 77 ^"E) and Siinagar (34"N, 7S*'h.) has been studied using the data
obtained from total O/onc Mapping Spectrometer (TOMS) and Tropospheric O/one Residual method nX)R). Tlie effect of ENSO on the seasonal 
variation of Total o/one at these four stations has been investigated The observed results and possible causes lor the bieakdown in o/.onc-ENS(3 
lelations in certain years, have also been discussed in the pai^ cr.
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I. Introduction
llic HI Nino current arises, as the t>cean and atmosphere 
iiucraci, to balance Earth’s thermal energy. A large scale 
weakening o f the trade winds and warming o f the surface 
layers in the eastern and central equatorial Pacific Ocean, 
eharacierizes El Nifio. Normally, the waters o f the eastern 
Pacific Ocean near South America are quite cool as a 
result o f upwelling ocean currents. The tropospheric trade 
'^ 'inds normally traverse from cast to west in this region. 
However, in an El Niho period, the trade winds weaken, 
allowing the warmer waters o f western Pacific to migrate 
eastwards. This change in temperature o f the sea surface 
Water causes large-scale shifts in the global circulation 
patterns in the Troposphere and lower Stratosphere which 
•n Him, affects the transport o f ozone in these regions.
oscillation is very irregular, with a period o f 4 to 7 
years between episodes. They typically last 12—18 months, 
and arc accompanied by swings in the Southern Oscillation 
(SO), an inierannual seesaw in tropical sea level pressure 
l^ ciween the eastern and wcsteni hemispheres. The coupled 
oceanic-atmospheric character o f  ENSO can *bc explained 
the help o f the Multivariate ENSO Index (M EI), 
C orresponding Author
which is a weighted average o f the main ENSO features 
contained in the follow ing six variables : sca-level 
pressure, the east-west and north-south components o f 
the surface wind. Sea Surface Temperature (SST), surface 
air temperatuie and total amount o f cloudiness. When 
this index is negative, wc have a La Nina (or ocean 
cooling), and when it is positive, wc have an El Nino (or 
ocean warming).
Hasebe 111 studied the intcrannual variations o f Ib tal 
ozone (1970-1977) and found the o.scillation with a 
period o f about four years (FYO ). When El Niho takes 
place, the Brewer-Dohson circulation enhances the ozone 
transport in the Stratosphere. Therefore, the Total ozone 
increases in the extra-tropics and decreases in the tropics
[2], Singh et al [3] studied the effect o f El Niho on 
Total ozone column. They observed anomalous high values 
o f Total column ozone around January-March 1998 at 
Delhi, Lhasa and Beijing, which was found to coincide 
with high SST increase over the equatorial Indian Ocean 
due to the strong El Niho effect. Chandra ct al [4] 
observed that during an El Niho period. Total ozone 
column decreased by 4-8 DU in the eastern Pacific and 
increased by about 10-20 DU in the western Pacific.
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Although there is a general tendency to hold El Nino 
responsible for almost anything unusual that happens 
anywhere, relationships between El Nino and rainfall, floods 
and droughts are well established. The effect o f El Nino 
on ozone is being studied globally, but it needs 
investigation by the scientific community in greater details. 
In view o f these considerations, the effect o f El Nino on 
the ozone concentration o f Indian cities has been studied 
in this paper.
2. Data and analysis
The effect o f El Nino on the Total ozone concentration at 
Kanyakumari (8®N, 77.6°E), Rajkot (22.3‘=’N, 70.8^E), Delhi 
(28.5°N, 77.3°E) and Srinagar (34®N, 75°E) is studied using 
the data obtained from Total Ozone Mapping Spectrometer 
(TOM S). TOM S is a source o f high-resolution global 
information about the Total ozone content o f  the 
atmosphere. It measures the ultraviolet sunlight back 
scattered from the clouds or the ground to measure the 
Total ozone amount. It cannot measure night-time ozone or 
make measurements in the winter polar darkness. The 
largest amount o f satellite-based ozone measurements comes 
from the Solar Back Scattered Ultra Violet Technique 
(SBUV). In this method, the ratio o f sunlight scattered 
back to the spacecraft from the earth-atmosphere system 
to that incident at the top o f the atmosphere is used to 
determine the ozone amount. The Tropospheric ozone data 
obtained from the Tropospheric Ozone Residual (TO R ) 
method for the years 1980-1998 for Kanyakumari, Rajkot, 
Delhi and Srinagar has been studied to determine the 
impact o f El Nifio on Tropospheric ozone. Fishman et al
[5] at N A S A  Langley Research Center in Hampton 
developed the TOR method o f deriving Tropospheric ozone 
from satellite measurements. The TOR was initially 
developed utilizing coincident observations o f Total ozone 
from the TOMS instrument and Stratospheric ozone profiles 
from the Stratospheric Aerosol and Gas Experiment (SAGE) 
instrument. At present, the total column amount o f ozone 
from the TOM S instrument is being used, but the 
Stratospheric ozone profiles from the SBUV instrument 
have replaced the profiles from SAGE. The change from 
the SAGE instrument to the SBUV instrument was made 
because o f  the much greater data density provided by the 
SBUV instrument. Gridded global values o f  Tropospheric 
column ozone arc available between 50°N and 50°S with 1° 
latitude by 1.25® longitude horizontal resolution up to 
December 2000. The distributions are determined by 
subtracting the empirically corrected Stratospheric column
ozone amount derived from the SBUV instrument froni the 
total column ozone mea.surements made by TOMS.
3. Results and discussion
The effect o f El Nino on the Total ozone concentration ar 
Kanyakumari (8®N, "77.6°E), Rajkot (22.3®N, 70.8 
Delhi (28.5°N, 77.3'^E) and Srinagar (34°N, 75^K) 
studied using the data obtained from Total Ozone Mapping 
Spectrometer (TOM S). An examination o f the yeaiK 
mean values o f Total ozone from 1980 to 2(X)3 (Figure 1 
indicates that the ozone concentration decreases m the
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tropics (Kanyakumari), and increases in the extra-tropics 
(Srinagar and Delhi) during an El Nifio period. This i" 
because, when El Nino takes place, the Brewer-Dobson 
circulation enhances ozone transport in the Stratosphere. 
Yamazaki and Yagai [2] observed similar results in tlicn 
atmospheric general circulation model (M RI.GCM ). The 
Total ozone concentration at Rajkot, situated close to ihc 
border o f Tropical and extra-Tropical region, is found to be 
higher during an El Nino period compared to neutral 
period except in 1990 and 2(X)0. This may be because the 
neutral years 1990 and 2000 also correspond to the solar 
maxima years o f the 11 year solar cycle, which is associated 
with maximum sunspot activity (Figure 2). The UV output 
o f the sun increases as sunspot activity increases which 
in turn, increases the production rate o f  Ozone [61.
An examination o f  the effects o f  El Nifio on the 
Trojf)ospheric ozone derived from Tropospheric ozone 
Residual method (TO R ) at these four stations indicates 
that the Tropospheric ozone is higher at Srinagar, Delhi 
and Rajkot during an El Nifio period compared to neutral
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figure 3. Entcl of El Nirto on Tropospheric ozone concentration.
The Tropospheric ozone values for these four stations 
obtained from TO R were subtracted from the Total ozone 
values obtained from TO M S to obtain and study the 
variations in Stratospheric ozone (Figure 4). Unlike the 
tropospheric ozon e, the Stratospheric ozone at 
Kanyakumari is found to decrease during an El Nifio 
Period similar to the variations in Total ozone. The trend
Stratospheric ozone at Srinagar and Delhi is found to
be opposite to that o f Total and Tropospheric ozone. The 
Stratospheric ozone at these stations is found to be lower 
during an HI Nino period compared to neutral period 
except in 1985/86. This may indicate a downward transport
->x- KANYAKUMARI 8*»N RAJKOT 22.3*-N
period except in 1990-1993 (Srinagar and Delhi) and 
1 )^89-1990 (Rajkot). This low value o f observed ozone 
level may be because the El Nino period o f 1990-1993 also 
witnessed a major volcanic eruption from Mount Pinatubo 
in Philippines in June 1991. After this eruption, ozone loss 
In different amounts was reported from different parts o f 
ihe world in 1992-1993 [7]. No significant Tropospheric 
o/onc trend is observed at Kanyakumari (Figure 3).
Year (Event)
Tiaure 4. Effeci of El Nifio on the Stratospheric ozone concentration.
o f Stratospheric ozone into the Troposphere at these 
places, enhanced by Brewer-Dobson circulation during an 
El Nifio period. The low value o f observed ozone level in 
1985/1986 may be because the neutral years 1985/1986 also 
correspond to the solar minima years o f the 11-year solar 
cycle, which is associated with an increase in low energy 
cosmic rays in the Earth’s atmosphere, which will increase 
NOx and in turn, decrease ozone |61. No significant trend 
in Stratospheric ozone is observed at Rajkot.
The effect o f El Nino on Total ozone was found to be 
different at these four stations during summer (March- 
April-May), mon.soon (June-July-Aug.), autumn (Sep.-Oct.- 
N ov .) and w inter (D ec.-Jan .-Feb .) (F igu res 5—8 
re.spectivcly). During an El N ifio period, the ozone 
concentration at Srinagar, Delhi and Rajkot was found to 
be less than that during neutral period by -10-15 DU in 
winter (except in 1991/1992 and 2000/2001) and higher 
than that during neutral period by -10-25 DU in summer 
(except in 2(X)0/2001 due to the effect o f solar maxima). 
During monsoon, the ozone concentration is higher during 
an El Nifio period (except in 1989/1990 and 200CV2001 
due to the effect o f solar maxima). During autumn, the 
ozone concentration at Srinagar and Delhi is higher 
during an El Nifio period (except in 1987/1988 which 
corresponds to solar minima) but lower at Rajkot 
compared to neutral period. At Kanyakumari, the ozone 
concentration is found to be lower during an El N ifio 
period compared to neutral period during summer as well
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Figure 5. Relation Ixrlwccn El Nino aiul Total ozone during summer.
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Figure 6. Relation between El Nmo and Ibtal ozone during mon.soon
KANYAKUMARI 8^ -N RAJKOT 22.3'^ N DELHI 28 S^’N —X- SRINAGAR 34"-N
as winter (except in 1987/1988) and no significant trend is 
observed during monsoon and autumn.
The passage o f tropospheric weather patterns not only 
changes the ozone content at the tropopausc, but also 
affects the ozone mixing ratios in the lower Stratosphere. 
The breakdown in ozone-ENSO relationship at different 
places in India and the typical behavior o f  ozone at places
like Rajkot located close to the border o f Tropics arui 
extra-Tropics may be due to the interference o f the annual 
waves in the two hemispheres, which is further modulated 
by the Quasi Biennial Oscillation [8]. Moreover, factors like 
the 11-year solar cycle, volcanic eruptions, long lime trend, 
the seasonal cycle in ozone, consequences o f global 
warming and anthropogenic causes can also be considered
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l ij*ure 8. Reiaiion bclwccn HI Nino and 'Foial ozone during winter.
as sources leading to the breakdown o f ozone- ENSO 
lelationship in certain years.
fiopopausc plays an important role in the vertical 
disiribution o f ozone at a particular place. I f  the 
tropopausc height decreases, ozone increases and vice 
versa. The Indian atmosphere is mainly dominated by 
iiopical tropopause. Chakrabarty el al [9) and Sastry and 
Xaiasiinhan [lO] have observed that the tropopause height 
!s lower in winter than in summer for latitudes higher 
(liati 2()'^N and reverse for latitudes less than 20'^N. In an 
hi Nino period, the waters o f western Pacific warm up 
to above normal, values. This in turn, causes additional 
Lonvcction (thunder storms) to develop in the western 
hacific Ocean, carrying tons o f warm moist air upwards 
inio the atmosphere. This warm moisture translates its 
.aiergy into wind, yielding a stronger sub-tropical jet 
slream. which then flows eastwards, bringing about a 
:liangc in the longitudinal structure o f tropopause height 
ill). According to Gage and Reid [12], tropopause 
r>oienlial temperature and tropopause height arc well
;Year (Event)
correlated with southern oscillation index (SOI). Majority 
o f the cut-off lows form during summer months. The 
tropopause is subjected to significant gaps or breaks 
which are associated with jet streams |13|. As a result o f 
this break in the tropopause, there is an advection o f air 
and ozone in the troposphere from the extra-tropical 
latitudes. Whenever this circulation accelerates, the ozone 
concentration increases in the lower Stratosphere and 
when it weakens, ozone will dccrea.se or remain constant 
depending upon its leakage into the Troposphere. During 
winter, it is possible that deep convection reaching the 
tropopause warms the upper TVopospherc and by 
overshooting the tropopause, cools the lower Stratosphere 
and lifts the tropopause. This results in a decrease in 
ozone concentration. The air temperature measured al 
Rcijkot airport indicates that the temj>erature is higher 
during an El Nino |Xjriod compared to neutral period 
(Figure 9). The global temperature is also found to be 
high during an El Nino period (Figure 10). Higher 
temperature during an El Nino period increases the
’^•tture 9. Surface tcmpcrulure observed at Rajkot.
Year
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emission rate o f ozone precursors [14|. This leads to 
higher anihropogenic production o f surface ozone.
4. Conclusions
The effect o f El Nino southern oscillation on the Ttital. 
Tropospheric and Stratospheric ozone concentration at 
Kanyakumari, Rajkot, Delhi and Srinagar is studied using 
the data obtained from Total Ozone Mapping Spectrometer 
(TO M S) and Tropospheric Ozone Residual method ( l  OR). 
An examination o f the yearly mean values o f Total ozone 
from 1980 to 2003 and 4’roposphcric ozone from 1980 to 
1998 indicates that the ozone concentration decreases in 
the tropics and increases in the extra-tropics during an El 
Nino period. The Total ozone concentration at Rajkot, 
which is situated close to the border o f tropical and extra- 
tropical region, is found to be higher during an El Niho 
period compared to neutral period. No significant trend in 
Tropospheric ozone is observed at Kanyakumari. The trend 
o f Stratospheric ozone at vSrinagar and Delhi is found to 
be opposite to that o f Tropospheric ozone indicating a 
probable leakage o f Stratospheric ozone into the 
Troposphere during an El Nino period, fhe effect o f 1:1 
Niho on Total ozone was found to be different at these 
four stations during summer, monsoon, autumn and winter. 
During an El Niho [>criod, the ozone concentration at 
Srinagar and Delhi was found to be less than that during 
neutral period in winter and higher than that during neutral 
period in summer, monsoon and autumn. At Kanyakumari, 
the ozone concentration is found to be lower during an El 
Nino period compared to neutral period during summer as 
well as winter and no significant trend is observed during 
monsoon and autumn. Factors like the 11-year solar cycle, 
volcanic crypiions, long time trend, consequences o f global 
warming, anthropogenic causes and the .sea.sonal cycle in
ozone may be considered as sources leading to 
breakdown o f ozone-ENSO relationship in certain years ai 
different places in India.
Acknowledgments
The authors wish to acknowledge their gratitude to  Proi 
Shyam Lai, Physical Re.scarch Laboratory, Ahmeciahiij 
and Dr. S Ahmad, N A S A  Goddard Space Flight Cenitr 
for valuable suggestions and discussions; Dr. J F ish m an  
A E Wozniak and J K Creilson for providing TOR dau 
and the Management o f Physical Research L a b o ia to rv . 
Ahmcdabad for providing library facilities. The authors 
also thank the ozone processing team o f the A tm o s p h e ric  
Chemistry Dynamics Branch at Goddard Space Flight 
Center, for the production and distribution o f TO M S 
ozone data. The air temperature measured at Rajkot 
airport, has been obtained from  the website 
www.wunderground.com.
References
( I j  F Hasebe Dynamics of the Midtilc /Xtmosphere (Tokyo, Kip.m 
rerra Scicnlilic Publishing C om pany) p445 ( l ‘JK4 )
121 Ko)i Yarna/aki and Isam u Yagai Vroc, Quadrennial 0 :(in- 
Symposium and Tropospheric Ozone Workshop. Ciernuuc 
( 1988)
[ 3 ) R P Singh. S Sarkar and A Singh inf. J. Remote Setnini; 23 
2449 ( 2002)
(4 1 S Chandia, J R Ziemke. W Min and W G Read OenpinK Rn 
L e tt 25 3867 ( 1008)
I 5] J Fishman. A E Wo/niak and J K Creilson Atmos. Chan Th\'^  
3 803 ( 2003)
161 N D Ganguly and K N lycr J. Indian Geophy^. Union. 9 ISO 
( 2005)
( 7J J F Gleason, P K Bhartia, J R Herman. R MePeters. P Newman. 
R S S io la rs k i, L F ly n n . Ci L abow , D L ark o . C' Sclior. ( 
Wcllemcyer, W D Komhyr, A J M iller and W Planet Snemr 
260 523 ( 1003)
18 ] E Helscnralh, D F Heath and B M Schicsingcr ./. Geaphvs Ri'^  
84 6069 ( 1079)
| 9 | D K Chakrabarty, P Chakrabarty and G Beig Pmc. Quadrenniol 
Ozone Symposium p357 ( 1984)
[ lOj P S N Sastry and A L Narasimhan Indian J. Metenrol. Geophy'' 
17 567 ( 1966)
I 111 M asutu Shiotuni Proc. Quadrennial Ozone Symposium  p3IH 
( J 992)
[ 12J K S Gage and G C Reid J. Geophys. Res. 92 14197 ( 1987)
1131 K R Rumunathan and R N Kulkumi Q. J. R. Meteorol. Soc. 86 
144 ( 1960)
1141 R J Vaicntc and F C Thornton J, Geophys. Res. 98 2917 ( 19S)3)
